Objective: To investigate the effect of energy density and food volume intakes in one meal (lunch-time) on food and energy intakes in the subsequent meal (tea-time). Design: During lunch, two meals with different energy densities (1.26 and 0.69 kcalag) were offered to preschool children using normal foods and maintaining a similar energy, carbohydrate, and fat intakes. In the subsequent meal a varied type of high acceptability foods were served in higher amounts than those that children usually consume. Setting: A day care center where the children were fed during lunch-time and tea-time. Subjects: Two hundred and thirty-four normal preschool children, 108 males and 126 females, according to the weight for height index using the NCHS standards. Methods: Chemical analysis of the meals served using the AOAC methods and determination of food and energy intakes by differential weighing of the foods. Results: The preschool children had a similar energy intake at lunch but a signi®cantly higher food intake when they consumed the meal with the lower energy density (313 vs 290.7 kcal) (P 0.001). There were no differences in the food intakes at the subsequent meal times.
Introduction
Chilean preschool children of low socioeconomic level who participate in government-sponsored feeding programmes have high prevalences of overweight and obesity: 37.6 and 10.5%, respectively (Garcõ Âa & Vio, 1994) . Changes in dietary composition is one of the most common recommendations included in the current nutrition guidelines in order to lower obesity risk (FAOaWHO, 1996; Bialostosky & St Jear, 1996) . Furthermore, in childhood, it is possible to introduce healthy food habits in order to get lower obesity risk (Birch & Fisher, 1997) . For example, a reduction in dietary fat intake decreases the energy density in the diet. The reduced energy intake which results may prevent the incidence of overweight and obesity (Beaton et al, 1992; Cotton et al, 1996) .
The effect of energy density on food intake has been studied by several authors (Duncan et al, 1983; Popitt & Prentice, 1996; Bell et al, 1998) . Their results suggest that when dietary fat was increased, a higher dietary energy density, and consequently a higher energy intake, increased the subjects' risk of obesity. One reason for these results may be that the subjects were accustomed to consume a certain volume of food and regulated their intakes to maintain it, regardless of the food's energy density (Kanarek & Hirsch, 1977; Stubbs & Prentice, 1993; Green et al, 1994; Stubbs et al, 1995) . On the contrary, Church (1979) found an inverse relationship when the dietary fat level was decreased; preschool children were not able to consume enough energy to ful®l their energy requirements. Macronutrient content has also been proposed as a key dietary factor in the regulation of energy intake (Rolls et al, 1988; Barkeling et al, 1990; Rolls, 1995) . It has been suggested that the body does not recognize a high fat intake. As a result, satiation is lower in comparison with high-carbohydrate or protein intakes which contribute to greater satiety through peripheral and neurological censors when they are oxidized (Flatt, 1995) .
Studies investigating the effect of food volume consumed in one meal on subsequent energy intake, suggest that high volume intakes produce a lower gastric emptying rate, and consequently increase satiety (McHugh & Moran, 1979; Hunt & Stubbs, 1994) . However, these hypotheses have not been tested on preschool children. A few studies, esentially those from Birch, have reported an effect of dietary variables on energy regulation in preschool children. These studies demonstrated that preschool children's food consumption is highly variable from meal time to meal time, but their daily energy intakes are relatively constant (Birch et al, 1991) . The children compensated for high or low energy intakes at one meal time during the next meal time. In another study performed with preschool children, an energy compensation was observed at the end of the second day in response to a replacement of dietary fat by a non-energy fat substitute during the ®rst three meals on day 1 (Birch & Fisher 1997) . When preschool children consumed preloads with different energy densities and fat contents before lunch, their lunch energy intakes were lower than those consumed in the fat free baseline. However, the total energy intake at both meal times was higher when the fat content and the energy density increased (Birch et al, 1993) .
To assess whether changes in dietary energy density have an effect on short term satiety in normal preschool children, we planned a study to examine the effect of energy density of meals consumed at one meal time, matching for energy intake, on the energy intake at the subsequent meal time. In order for the results to be applicable to real settings of preschool children, we had to use foods commonly eaten by the children (Meiselman, 1992) . As a result, the food volumes served had to be different; speci®cally, the food preparation with a lower energy density was greater in volume.
Material and methods

Subjects
Subjects were 234 normal preschool children (108 males and 126 females), aged 4 ± 6 y. All children were healthy and randomly chosen during a 2 y period from those who were attending a day care center for at least three months previous to their participation in the study. They were fed three times per day: breakfast, lunch and tea-time. Children were weighed with light clothes following standard recommendations, and had a normal nutritional status according to their weight for height index using NCHS standards (NCHS, 1977) , and a z-score criteria where normal was 7 1.0 to 1.0. The average bodyweight of the children was 20.8 AE 2.0 kg for males and 20.6 AE 2.3 kg for females.
Diets
Two high carbohydrate meals consisting of foods commonly consumed by preschool children were given to each child, in randomized order, at lunch-time. The food compositions of both meals are shown in Table 1 . Chemical composition, serving sizes and energy densities of the assayed meals are shown in Table 2 . Meals differed in the volume offered, but provided the same amount of energy, fat and carbohydrates (Table 2) . Meal A had an energy density of 1.26 kcalag and a solid consistency while meal B had an energy density of 0.69 kcalag and a semiliquid consistency. Both meals were served at 12.00 h in planned amounts to ful®ll the children's approximate energy requirements for this meal time (National Research Council, 1989) . The procedure used to present food to the children replicates the accustomed form for lunch and teatime. The foods were served by the school staff. One of the researchers weighed the meals and the amount of foods left over by each children, in a separate room using a digital balance with an accuracy of 0.1 g.
Short term satiety was measured by the food and energy intake observed during tea time which was served at 15.30 h. During this meal time varied types of highly acceptable foods were offered in amounts higher than the normal serving, except milk which was served in the usual amount.
Two-hundred and thirty four children participated in the dietary treatment I (Meal A) and 206 in the dietary treatment II (Meal B). Each child was observed once during each dietary treatment.
The children consumed both lunch-time meals and teatime foods in groups of approximately 20 children per day in a dining hall. The children consumed only the foods served at lunch. No additional foods were offered until three hours later when the tea-time foods were served.
Food intake was determined for each child by the differential weight technique at both meal times. During the lunch-time each serving dish was weighed separately, and during tea-time the food items served were also weighed separately. Food intake was determined by the difference between the amount of foods served to and the left over by each child. They were encouraged to consume all they desired from the available foods and they were not aware that satiety was evaluated.
Energy intake was calculated from food intake data and chemical composition based on the Chilean food composition table. Food samples were taken from two serving dishes and chemical analysis was carried out according to 
Statistical analysis
The results were expressed as mean values AE standard deviations and the statistical signi®cance level of the observed differences between both dietary treatments (P`0.05) was assayed using t-Student test (Snedecor & Cochran, 1972) .
Results
The energy and food intakes of children during lunch-time are shown in Table 3 . The results show that children had a similar energy intake in both dietary treatments, but the food volumes that they consumed were signi®cantly different: the children who consumed the lower energy-dense meal consumed a higher volume of food. The food and energy intakes at the subsequent meal (tea-time) are also shown in Table 3 . The amounts of food and energy consumed by the children were signi®cantly higher when they consumed the meal with the lower energy density. Consequently, it can be assumed the meal with a lower energy density produced a lower-short term satiety.
Discussion
The ®ndings in this study demonstrate that there is an inverse relationship between energy density of isoenergetic high-carbohydrate meals and the energy intake of preschool children at the subsequent meal. There is also a direct relationship between energy density and their short term satiety. These results did not con®rm the previous ®ndings concerning normal and obese adult subjects which reported that low-energy dense diets generate a much higher satiation than do high-energy dense diets (Duncan et al, 1983; Popitt & Prentice, 1996; Bell et al, 1998) . However, they do support a previous ®nding in a study with preschool children in which the energy density of their daily diets were inversely related to their daily energy intake (Araya et al, 1988) , suggesting that the age of the subjects may have in¯uenced our results. In constrast with the above studies, in our work the effect of energy density was assayed maintaining a constant level of energy and fat intake. The fat content was similar in both dietary treatments since it is well established that the content of this macronutrient has an effect on appetite and food intake (Rolls et al, 1988; de Graaf et al, 1992; Stubbs & Prentice, 1993; Green et al, 1994; Stubbs et al, 1995; Rolls, 1995) . However, not all dietary factors could be simultaneously matched in Meal A and Meal B because the foods included in the dietary treatments had different consistencies and volumes in order to obtain different energy densities and similar energy levels. Therefore, the semiliquid meal with the lowest energy density had a greater volume, while the volume of the solid meal, which had a greater energy density, was lower. Although these food characteristics may have in¯uenced the subsequent intake, we selected habitual foods instead of uncommon foods to carry out this study in order to study the effects of dietary variables in the children's real feeding setting.
An unexpected ®nding was that children who consumed the highest volume of the lower energy density meal during lunch showed the highest energy intake at the subsequent meal when compared with those children who consumed a lower volume of the high-energy density meal. Several authors have indicated that satiation may be controlled by the weight of previously consumed foods (McHugh & Moran, 1979; Hunt & Stubbs, 1994) . There are two important methodologic differences between these studies and our study. First, although both tested meals had the same carbohydrate content, the low energy density meal had a greater amount of simple carbohydrate and its consistency was semiliquid. These conditions may have in¯uenced the higher volume consumed by the children during lunch and the higher energy intake observed at the subsequent meal. A mechanism which explains these results is that the insulinemic response to the lower-energy meal may be elevated and may fall rapidly to the basal level. This metabolic pro®le has been suggested by several authors as a causal factor for the development of a higher energy intake at the subsequent meal (Van Itallie, 1990; Holt et al, 1996) . The meal which showed the greatest short-term satiety was composed principally by complex carbohydrates of lente digestion, and therefore, the insulinemic level may be lower and sustained over more time (Van Amelsvoort & Weststrate, 1992; Achour et al, 1997) . Also the protein content of the higher energy dense diet was greater. The effect of the protein on short term satiety can not be overlooked, although the level studied was probably not high enough to fully account for the differences in energy intake that were observed. (Barkeling et al, 1990) .
In conclusion the results of the present work show that, under the conditions of our experiment, a low dietary energy density and high volume intake did not produce a 640.5 AE 100.6 673.3 AE 134.8 P`0.004 a n number of children.
Effect of the energy density and volume H Araya et al short term satiety in preschool children. However, we cannot rule out the effect on satiety that the characteristics of the normal foods we used may have had. These conclusions suggest that future research must be carried out in order to investigate the separate effects of food versus the dietary variables that are used in studies of food and energy regulations in humans, as well as the time in which these variables have an effect on satiety.
